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(57) ABSTRACT 

A semiconductor device and a method for manufacturing a 
semiconductor device are provided. A semiconductor device 
comprises a first single-crystal semiconductor layer including 
a first channel formation region and a first impurity region 
over a Substrate having an insulating Surface, a first gate 
insulating layer over the first single-crystal semiconductor 
layer, a gate electrode over the first gate insulating layer, a first 
interlayer insulating layer over the first gate insulating layer, 
a second gate insulating layer over the gate electrode and the 
first interlayer insulating layer, and a second single-crystal 
semiconductor layer including a second channel formation 
region and a second impurity region over the second gate 
insulating layer. The first channel formation region, the gate 
electrode, and the second channel formation region are over 
lapped with each other. 

22 Claims, 19 Drawing Sheets 
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SEMCONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to semiconductor devices and 

a method for manufacturing the semiconductor devices, and 
electronic devices. 

2. Description of the Related Art 
At present, semiconductor integrated circuits are improved 

in performance mainly by making a process rule fine (here, “a 
process rule' refers to a minimum line width inside a semi 
conductor device). In recent years, the adoption of a process 
rule Such as 65 nm or 45 nm has begun, and accordingly, the 
miniaturization of semiconductor elements has been aggres 
sively spurred (for example, see Japanese Published Patent 
Application No. 2005-107195 and Japanese Published Patent 
Application No. 2006-147897). 

SUMMARY OF THE INVENTION 

However, in the case where high integration (so to speak, 
two-dimensional high integration) is advanced by making a 
process rule fine as described above, the high integration will 
reach the physical limit soon. For example, it is difficult to 
make a process rule fine beyond the resolution limit of an 
exposure machine for forming a circuit pattern. Even if an 
atomic-scale line width (for example, a line width approxi 
mately less than or equal to several nanometers) can be 
achieved, it is difficult to realize operation like conventional 
operation due to increase in leakage current or increase in 
eO. 

Further, in the case of a semiconductor device using an 
inexpensive substrate Such as a glass Substrate, the Substrate 
itself has an undulation of approximate several tens of 
micrometers. Therefore, it is necessary to ensure Sufficient 
depth of focus in light exposure; however, resolution is low 
ered if depth of focus is ensured. Accordingly, the integration 
degree of a semiconductor device using an inexpensive Sub 
strate Such as a glass Substrate is lowered as compared to the 
integration degree of so-called LSI. That is, it can be said that 
high integration of a semiconductor device using an inexpen 
sive Substrate Such as a glass Substrate is more difficult to 
achieve than the case of an LSI. 

In view of the foregoing problems, it is an object of the 
present invention to provide a semiconductor device in which 
the foregoing problems on higher integration and reduction in 
size are solved. It is another object of the present invention to 
Solve the foregoing problems inexpensively by Suppressing 
increase in the number of steps. 

According to the present invention, three-dimensional 
integration is achieved instead of two-dimensional integra 
tion. Thus, integration of a semiconductor device can be 
achieved without depending on making a process rule fine. In 
specific, a semiconductor device is manufactured using two 
or more single-crystal semiconductor layers which are 
stacked. Further, a conductive layer for applying an electric 
field to a single-crystal semiconductor layer is shared in com 
mon. Accordingly, high integration can be achieved at low 
cost. Here, as a method for stacking single-crystal semicon 
ductor layers, an ion implantation and separation method is 
used. 
One aspect of a semiconductor device of the present inven 

tion includes a first single-crystal semiconductor layer over 
an insulating Surface, a first insulating layer over the first 
single-crystal semiconductor layer, a conductive layer over 
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2 
the first insulating layer, a second insulating layer over the 
conductive layer, and a second single-crystal semiconductor 
layer over the second insulating layer. 

Another aspect of a semiconductor device of the present 
invention includes a first single-crystal semiconductor layer 
over an insulating Surface, a first insulating layer over the first 
single-crystal semiconductor layer, a conductive layer over 
the first insulating layer, a second insulating layer over the 
conductive layer, and a second single-crystal semiconductor 
layer over the second insulating layer, where the conductive 
layer is used to apply an electric field to the first single-crystal 
semiconductor layer and the second single-crystal semicon 
ductor layer via the first insulating layer and the second insu 
lating layer. 

In the above-described structure, a first transistor with a 
top-gate structure is formed using the first single-crystal 
semiconductor layer, the first insulating layer, and the con 
ductive layer, and a second transistor with a bottom-gate 
structure is formed using the conductive layer, the second 
insulating layer, and the second single-crystal semiconductor 
layer. 

Further, in the above-described structure, either impurity 
elements which impart the same conductivity type or impu 
rity elements which impart different conductivity types may 
be added to respective source or drain regions of the first 
transistor and the second transistor. 

In the case where impurity elements which impart different 
conductivity types are added as described above, a comple 
mentary semiconductor device can be formed using a first 
transistor and a second transistor. Further, various electronic 
devices can be provided using the above-described semicon 
ductor devices. 
One aspect of a method for manufacturing a semiconductor 

device of the present invention includes the steps of bonging 
a Surface of a first single-crystal semiconductor Substrate 
having a first damaged region to a first insulating layer formed 
over a surface of a Substrate having an insulating Surface, 
separating the first single-crystal semiconductor Substrate in 
the first damaged region to form a first single-crystal semi 
conductor layer over the Substrate having an insulating Sur 
face, forming a second insulating layer over the first single 
crystal semiconductor layer, forming a conductive layer in a 
region overlapping with part of the first single-crystal semi 
conductor layer over the second insulating layer, forming a 
third insulating layer so as to cover the second insulating layer 
and the conductive layer, planarizing an upper Surface of the 
third insulating layer, forming a fourth insulating layer over 
the third insulating layer, bonding a Surface of a second 
single-crystal semiconductor Substrate having a second dam 
aged region to the fourth insulating layer, and separating the 
second single-crystal semiconductor Substrate in the second 
damaged region to form a second single-crystal semiconduc 
tor layer over the Substrate having an insulating Surface. 

Another aspect of a method for manufacturing a semicon 
ductor device of the present invention includes the steps of 
bonging a first insulating layer formed over a surface of a first 
single-crystal semiconductor Substrate having a first dam 
aged region to a surface of a Substrate having an insulating 
Surface, separating the first single-crystal semiconductor Sub 
strate in the first damaged region to form a first single-crystal 
semiconductor layer over the Substrate having an insulating 
Surface, forming a second insulating layer over the first 
single-crystal semiconductor layer, forming a conductive 
layer in a region overlapping with part of the first single 
crystal semiconductor layer over the second insulating layer, 
forming a third insulating layer so as to cover the second 
insulating layer and the conductive layer, planarizing an 
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upper Surface of the third insulating layer, forming a fourth 
insulating layer over the third insulating layer, bonding a 
Surface of a second single-crystal semiconductor Substrate 
having a second damaged region to the fourth insulating 
layer, and separating the second single-crystal semiconductor 
Substrate in the second damaged region to form a second 
single-crystal semiconductor layer over the Substrate having 
an insulating Surface. 

In the above-described structure, a first transistor with a 
top-gate structure can be formed using the first single-crystal 
semiconductor layer, the second insulating layer, and the 
conductive layer, and a second transistor with a bottom-gate 
structure can beformed using the conductive layer, the fourth 
insulating layer, and the second single-crystal semiconductor 
layer. 

Further, in the above-described structure, either impurity 
elements which impart the same conductivity type or impu 
rity elements which impart different conductivity types may 
be added to respective source or drain regions of the first 
transistor and the second transistor. 

Note that in the present invention, a semiconductor device 
refers to a display device Such as a liquid crystal display 
device and an electroluminescence display device; a wireless 
tag which is referred to as an RFID (radio frequency identi 
fication) tag, an RF tag, an RF chip, a wireless processor, a 
wireless memory, an IC (integrated circuit) tag, an IC label, an 
electronic tag, an electronic chip, or the like; a microproces 
sor Such as a CPU (central processing unit); an integrated 
circuit; and any other devices using a single-crystal semicon 
ductor layer which is formed over an insulating Surface. 

According to the present invention, a highly-integrated 
semiconductor device can be provided while increase in the 
number of steps is Suppressed; that is, a smaller-sized semi 
conductor device can be provided. Further, a high-perfor 
mance semiconductor device can be provided. Accordingly, a 
high-performance semiconductor device can be provided at 
low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIGS. 1A to 1D are diagrams showing an example of a 

semiconductor device of the present invention; 
FIGS. 2A to 2D are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 3A to 3D are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 4A to 4C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 5A to 5C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 6A to 6C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 7A to 7C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 8A to 8D are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 9A to 9D are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 10A to 10C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 11A to 11C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 12A to 12C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
FIGS. 13A to 13C are diagrams showing a manufacturing 

process of a semiconductor device of the present invention; 
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4 
FIGS. 14A and 14B are diagrams showing an example of a 

semiconductor device of the present invention; 
FIG. 15 is a diagram showing an example of a semicon 

ductor device of the present invention: 
FIG. 16 is a diagram showing an example of a semicon 

ductor device of the present invention: 
FIGS. 17A to 17H are diagrams showing electronic 

devices using semiconductor devices of the present invention; 
FIGS. 18A to 18F are diagrams showing applications of a 

semiconductor device of the present invention; and 
FIGS. 19A and 19B are diagrams showing an example of a 

semiconductor device of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiment Mode 

Embodiment Modes of the present invention will be 
described below with reference to the accompanying draw 
ings. However, it is easily understood by those skilled in the 
art that various changes may be made in forms and details 
without departing from the spirit and the scope of the inven 
tion. Therefore, the present invention should not be inter 
preted as being limited to the description of the embodiment 
modes to be given below. Note that instructures of the present 
invention which are described below, like reference numerals 
are used for like portions throughout the drawings. 

Embodiment Mode 1 

This embodiment mode describes an example of a method 
for manufacturing a semiconductor device of the present 
invention, with reference to FIGS. 1A to 1D, FIGS. 2A to 2D, 
FIGS. 3A to 3D, FIGS. 4A to 4C, FIGS. 5A to 5C, FIGS. 6A 
to 6C, and FIGS. 7A to 7C. 

FIGS. 1A to 1D illustrate an example of a structure of a 
semiconductor device of the present invention. FIG. 1A is a 
plan view of a semiconductor device of the present invention. 
FIG.1B is a cross-sectional view taken along line A-B in FIG. 
1A, and FIG. 1C is a cross-sectional view taken along line 
C-D in FIG. 1A. The structure shown in FIGS. 1A to 1Disjust 
an example, and the present invention is not limited to the 
Structure. 
The semiconductor device illustrated in FIGS. 1A to 1D 

includes two single-crystal semiconductor layers (a single 
crystal semiconductor layer 100 and a single-crystal semi 
conductor layer 102). A first transistor 108 includes the 
single-crystal semiconductor layer 100 as well as an insulat 
ing layer 104 and a conductive layer 106. A second transistor 
112 includes the single-crystal semiconductor layer 102 as 
well as the conductive layer 106 and an insulating layer 110. 
Here, the first transistor 108 is an n-channel transistorand the 
second transistor 112 is a p-channel transistor. Further, a 
source or drain electrode 114 (hereinafter, also referred to as 
a source or drain wiring) is electrically connected to part of a 
source or drain region of the first transistor 108, a source or 
drain electrode 116 is electrically connected to part of a 
source or drain region of the second transistor 112. Further, a 
source or drain electrode 118 is provided so as to electrically 
connect Source or drain regions of the first transistor and the 
second transistor. 

FIG. 1D is a circuit diagram of the above-described semi 
conductor device. As illustrated in FIG.1D, a complementary 
circuit (in more detail, a CMOS inverter circuit) is formed of 
the first transistor 108 and the second transistor 112. The 
conductive layer 106 serves as a gate electrode of the first 
transistor 108 and the second transistor 112, and corresponds 
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to an input terminal of a CMOS circuit. Further, the source or 
drain electrode 118 corresponds to an output terminal of the 
CMOS circuit. 
When a semiconductor element (for example, a transistor) 

is formed by Stacking single-crystal semiconductor layers as 
illustrated in FIGS. 1A to 1D, a highly-integrated semicon 
ductor device can be manufactured. Further, in the present 
invention, since all semiconductor elements are formed using 
a single-crystal semiconductor, a semiconductor device with 
excellent characteristics can be provided as compared to the 
case of using an amorphous semiconductor or a polycrystal 
line semiconductor. Furthermore, in the present invention, a 
conductive layer for applying an electric field to a single 
crystal semiconductor layer is shared in common; thus, it is 
not necessary to provide a conductive layer in each transistor. 
That is, it is not necessary that a plurality of conductive layers 
is stacked; thus, a semiconductor device can be manufactured 
at low cost. The above-described merit is remarkable in the 
case of forming a complementary circuit (also referred to as a 
CMOS circuit or a complementary semiconductor device) as 
illustrated in FIGS 1A to 1D. 

Next, an example of a method for manufacturing a semi 
conductor device of the present invention is described here 
inafter with reference to FIGS. 2A to 2D, FIGS. 3A to 3D, 
FIGS. 4A to 4C, FIGS.5A to 5C, FIGS. 6A to 6C, and FIGS. 
7A to 7C. 

First, a single-crystal semiconductor substrate 200 is pre 
pared. Then, a Surface of the single-crystal semiconductor 
substrate 200 is irradiated with ions to form a damaged region 
202 and a single-crystal semiconductor layer 204 in the 
single-crystal semiconductor substrate 200 (see FIG. 2A). As 
a method for forming the damaged region202, a method used 
for adding an impurity element to a semiconductor layer (an 
ion doping method), a method for performing mass separa 
tion of an ionized gas to be selectively implanted into a 
semiconductor layer (an ion implantation method), and the 
like can be given. Ion irradiation may be performed in con 
sideration of the thickness of the single-crystal semiconduc 
tor layer 204 which is formed. The thickness of the single 
crystal semiconductor layer 204 may be approximately 5 to 
500 nm, and a thickness of 10 to 200 nm is more preferable. 
An accelerating Voltage at ion irradiation can be determined 
in consideration of the above-described thickness. 
The single-crystal semiconductor substrate 200 is not par 

ticularly limited as long as it is a Substrate made of a single 
crystal semiconductor. In this embodiment mode, a single 
crystal silicon Substrate is used as an example. Alternatively, 
a Substrate made of germanium or a Substrate made of a 
compound semiconductor Such as gallium arsenide or indium 
phosphide may be used. 
As ions for irradiation, ions of hydrogen, helium, halogen 

typified by fluorine, and the like can be given. When fluorine 
ions are used as halogen ions for irradiation, BF may be used 
as a source gas. For example, when a single-crystal silicon 
Substrate is used as the single-crystal semiconductor Substrate 
200 and the single-crystal silicon substrate is irradiated with 
halogen ions like fluorine ions, microvoids are formed in the 
damaged region202. This is because introduced halogen ions 
purge silicon atoms in a silicon crystal lattice. The Volumes of 
the microVoids thus formed are changed, so that the single 
crystal silicon Substrate can be separated. Specifically, the 
Volume change of the microvoids is induced by low-tempera 
ture heat treatment. Note that hydrogen ion irradiation may be 
performed to contain hydrogen in the voids after fluorine ion 
irradiation is performed. 

Alternatively, the single-crystal silicon Substrate may be 
irradiated with a plurality of ions of the same atom, the masses 
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6 
of which are different. For example, in the case of using 
hydrogen, H. H.", and H" ions are contained and further 
H' ions may be contained at a high proportion. When H" 
ions are contained at a high proportion, the irradiation effi 
ciency can be increased; thus, the irradiation time can be 
shortened. 
Note that a protective layer may beformed over the surface 

of the single-crystal semiconductor substrate 200 before the 
damaged region 202 is formed. By forming the protective 
layer, roughness of the Surface of the single-crystal semicon 
ductor Substrate, which accompanies ion irradiation, can be 
reduced. For the protective layer, silicon oxide, silicon 
nitride, silicon nitride oxide, silicon oxynitride, or the like can 
be used. 

Note that silicon oxynitride means a Substance that con 
tains more oxygen than nitrogen and includes, for example, 
oxygen, nitrogen, silicon, and hydrogen at concentrations 
ranging from greater than or equal to 50 atomic '% and less 
than or equal to 70 atomic '%, greater than or equal to 0.5 
atomic 96 and less than or equal to 15 atomic '%, greater than 
or equal to 25 atomic 96 and less than or equal to 35 atomic 96. 
and greater than or equal to 0.1 atomic '% and less than or 
equal to 10 atomic '%, respectively. Further, silicon nitride 
oxide means a Substance that contains more nitrogen than 
oxygen and includes, for example, oxygen, nitrogen, silicon, 
and hydrogen at concentrations ranging from greater than or 
equal to 5 atomic '% and less than or equal to 30 atomic '%, 
greater than or equal to 20 atomic 96 and less than or equal to 
55 atomic '%, greater than or equal to 25 atomic '% and less 
than or equal to 35 atomic '%, and greater than or equal to 10 
atomic 96 and less than or equal to 25 atomic 96, respectively. 
The aforementioned ranges are ranges for cases measured 
using Rutherford backscattering spectrometry (RBS) and 
hydrogen forward scattering (HFS). Total percentage of the 
constituent elements does not exceed 100 atomic 96. 

Next, a bonding layer 208 is formed over a substrate 206 
having an insulating surface (see FIG. 2B). For the bonding 
layer 208, a silicon oxide film may be formed by a chemical 
vapor deposition (CVD) method using an organosilane gas. 
Alternatively, a siliconoxide film formed by a chemical vapor 
deposition method using a silane gas can be used. Note that 
since the bonding layer 208 is formed from an insulating 
material, the bonding layer 208 can be referred to as an 
insulating layer. 
As the Substrate 206 having an insulating Surface, any of a 

variety of glass Substrates which are used in the electronics 
industry Such as an aluminosilicate glass Substrate, an alumi 
noborosilicate glass Substrate, and a barium borosilicate glass 
Substrate; a quartz. Substrate; a ceramic Substrate; a sapphire 
Substrate; or the like can be used. A glass Substrate is prefer 
ably used, and a motherglass Substrate having a large area can 
be used, such as a so-called sixth generation substrate (1500 
mmx1850 mm), a so-called seventh generation Substrate 
(1870 mmx2200 mm), and a so-called eighth generation sub 
strate (2200 mmx2400 mm), for example. A mother glass 
Substrate having a large area is used as the Substrate 206 
having an insulating Surface, so that the area of the semicon 
ductor substrate can be enlarged. Note that the substrate 206 
having an insulating Surface is not limited to the above-de 
scribed Substrates. For example, a Substrate made from a resin 
material can also be used if an upper temperature limit per 
mits. It is needless to say that a single-crystal semiconductor 
Substrate such as a silicon wafer may be used. In this case, a 
single-crystal semiconductor Substrate over which an insulat 
ing layer is formed may be used. Further, a single-crystal 
semiconductor Substrate, in which an element is provided in 
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advance and over which an insulating layer is formed, may be 
used, whereby further integration can be achieved. 

The bonding layer 208 is formed smoothly and has a hydro 
philic Surface. A silicon oxide film is appropriate as the bond 
ing layer 208. In particular, a silicon oxide film which is 
formed by a chemical vapor deposition method, using an 
organosilane gas, is preferable. Examples of organosilane 
gases that can be used include silicon-containing compounds, 
such as tetraethoxysilane (TEOS) (chemical formula: 
Si(OCH)), trimethylsilane (chemical formula: (CH) 
SiH), tetramethylsilane ((CH),Si), tetramethylcyclotetrasi 
loxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
hexamethyldisilazane (HMDS), triethoxysilane (chemical 
formula: SiH(OCH)), trisdimethylaminosilane (chemical 
formula: SiH(N(CH))), and the like. 
The above-described bonding layer 208 is formed to a 

thickness of approximately 5 to 500 nm. Accordingly, a Sur 
face on which a film is formed can be smoothed and smooth 
ness of a growing Surface of the film can be ensured. Further, 
it is possible to mitigate distortion with a substrate to be 
bonded. Note that the single-crystal semiconductor substrate 
200 used in a subsequent step can also be provided with a 
similar bonding layer. As described above, a silicon oxide 
film which is formed using organic silane as a raw material is 
provided for either one or both of bonding surfaces, whereby 
an extremely strong bond can be formed. 

Note that a barrier layer may be provided between the 
Substrate 206 having an insulating Surface and the bonding 
layer 208. The barrier layer may be formed using one or a 
plurality of materials selected from silicon nitride, silicon 
nitride oxide, or silicon oxynitride. Note that the barrier layer 
may have a single-layer structure or a stacked-layer structure. 
The barrier layer is provided to prevent impurities such as 
movable ions or moisture in the substrate 206 having an 
insulating Surface from intruding into the bonding layer 208 
or a layer which is formed over the bonding layer 208. Note 
that the barrier layer may be formed from a material other 
than the above-described material as long as intrusion of 
impurities can be prevented. If intrusion of impurities does 
not lead to any significant problems, a structure without a 
barrier layer may be employed. 

In this embodiment mode, a case is described where the 
bonding layer 208 is formed over the substrate 206 having an 
insulating Surface after the damaged region 202 is formed in 
the single-crystal semiconductor substrate 200. However, the 
present invention is not limited thereto. In the present inven 
tion, it is acceptable as long as the Substrate 206 having an 
insulating Surface is provided with the single-crystal semi 
conductor layer 204. Thus, there is no particular limitation on 
the order of formation of the damaged region 202 and the 
bonding layer 208. For example, the damaged region202 may 
be formed in the single-crystal semiconductor substrate 200 
after the bonding layer 208 is formed over the substrate 206 
having an insulating Surface. There is no particular limitation 
on the order of formation of the bonding layer 208 and the 
damaged region202. The bonding layer 208 and the damaged 
region 202 can be formed with separate timings. 

Next, the bonding layer 208 and the single-crystal semi 
conductor layer 204 are disposed in close contact with each 
other (see FIG. 2C). The bonding layer 208 and the single 
crystal semiconductor layer 204 are disposed in close contact 
with each other and pressure is applied thereto, so that a 
strong bond can be formed by hydrogen bonds and covalent 
bonds. Note that it is preferable to perform heat treatment 
after the substrate 206 having an insulating surface and the 
single-crystal semiconductor substrate 200 are bonded to 
each other, with the bonding layer 208 interposed therebe 
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8 
tween. The bonding strength can be further improved by 
performing heat treatment. Note that a base layer may be 
formed between the bonding layer 208 and the single-crystal 
semiconductor layer 204. By forming the base layer, impuri 
ties such as movable ions can be prevented from intruding 
into the single-crystal semiconductor layer 204. The base 
layer can be manufactured using a material similar to that of 
the barrier layer; however, the present invention is not limited 
thereto. For example, the base layer can be formed by stack 
ing a silicon oxynitride film and a silicon nitride oxide film in 
this order from the single-crystal semiconductor layer 204 
side. 

In order to form a favorable bond, the surface which is to 
form a bond may be activated. For example, the surface which 
is to form a bond is irradiated with an atomic beam or an ion 
beam. When an atomic beam or an ion beam is used, an inert 
gas atomic beam or inert gas ion beam of argon or the like can 
be used. Alternatively, plasma treatment or radical treatment 
is performed. Such surface treatment makes it possible to 
form a bond between different kinds of materials at a low 
temperature of approximately from 200 to 400° C. 

Next, heat treatment is performed to separate the single 
crystal semiconductor layer 204 from the single-crystal semi 
conductor substrate 200 using part of the damaged region202 
as a separation plane (see FIG. 2D). For example, heat treat 
ment at 400 to 600° C. is performed, so that the single-crystal 
semiconductor layer 204 can be separated by inducing the 
volume change of the microvoids which are formed in the 
damaged region 202. Since the bonding layer 208 is bonded 
to the Substrate 206 having an insulating Surface, the single 
crystal semiconductor layer 204 is to remain over the sub 
strate 206 having an insulating surface. In FIGS. 2A to 2D, 
separation is performed at the interface between the damaged 
region 202 and the single-crystal semiconductor layer 204; 
however, the present invention is not limited thereto. For 
example, separation may be performed at the interface 
between the damaged region 202 and the single-crystal semi 
conductor substrate 200 or may be performed in part of the 
damaged region202. It is likely that regions where separation 
occurs are different depending on conditions in forming the 
damaged region 202. 
When a glass substrate is used as the substrate 206 having 

an insulating Surface, heating may be performed approxi 
mately at a strain point of a glass Substrate, specifically at a 
temperature in a range from minus 50° C. to plus 50° C. of the 
strain point. More specifically, heat treatment may be per 
formed at a temperature greater than or equal to 580° C. and 
less than or equal to 680°C. (in the case where the strain point 
of a glass substrate is approximately 630° C.). Note that a 
glass Substrate has a property of contraction by heat. There 
fore, when a glass Substrate is heated approximately at a strain 
point, specifically at a temperature in a range from minus 50° 
C. to plus 50° C. of the strain point (or higher) in advance, 
contraction in Subsequent heat treatment can be suppressed. 
Accordingly, even when heat treatment is performed on a 
glass Substrate, to which a single-crystal semiconductor layer 
having a thermal expansion coefficient different from that of 
the glass Substrate is bonded, separation of the single-crystal 
semiconductor layer from the glass Substrate can be pre 
vented. Further, transformation Such as a warp of the glass 
Substrate and the single-crystal semiconductor layer can be 
prevented. 

Note that when a glass substrate is used, it is preferable to 
avoid rapid cooling at the termination of heating. Specifically, 
the glass Substrate may be cooled down to a temperature less 
than or equal to a strain point at a speed of less than or equal 
to 2° C./min, preferably less than or equal to 0.5°C/min, 
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more preferably less than or equal to 0.3°C./min. The tem 
perature reduction rate is set at the above rate, so that local 
stress which is applied when the glass Substrate is contracted 
can be eased. The heat treatment may be performed under 
atmospheric pressure or under reduced pressure. As to an 
atmosphere, a nitrogen atmosphere, an oxygen atmosphere, 
or the like can be set, as appropriate. Note that the heat 
treatment can be performed on any other substrates without 
limitation to a glass Substrate, as long as a Substrate having a 
property of contraction after heating is used. 

Note that heat treatment related to the bonding step and 
heat treatment related to the separation step can be concur 
rently performed. In this case, two steps can be performed 
with single heat treatment; therefore, a semiconductor Sub 
strate can be manufactured at low cost. 
A surface of the single-crystal semiconductor layer 204 

which is obtained through the above-described steps is pref 
erably planarized by chemical mechanical polishing (CMP), 
laser beam irradiation, dry etching, or the like. By improve 
ment of the single-crystal semiconductor layer 204 in planar 
ity, variation of semiconductor elements which will be sub 
sequently formed can be suppressed. Note that CMP laser 
beam irradiation, dry etching, or the like may be omitted if 
desired characteristics can be obtained. In the case of per 
forming laser beam irradiation, defects due to ion irradiation 
can be reduced. 

Next, the single-crystal semiconductor layer 204 is pat 
terned into a desired shape to form an island-shaped single 
crystal semiconductor layer 210 (see FIG. 3A). As to an 
etching process in the patterning, either plasma etching (dry 
etching) or wet etching may be employed. In a case of pro 
cessing a large-sized substrate, plasma etching is suitable. As 
to an etching gas, a fluorine-based or chlorine-based gas Such 
as CF, NF, Cl, or BC1 is used, and an inert gas Such as He 
or Ar may be added, as appropriate. In addition, when etching 
processing using atmospheric pressure discharge is applied, 
processing using local discharge can be performed, and it is 
not necessary to form a mask layer over an entire Surface of 
the substrate. 

After the island-shaped single-crystal semiconductor layer 
210 is formed by patterning the single-crystal semiconductor 
layer 204, a p-type impurity Such as boron, aluminum, or 
gallium may be added in order to control a threshold Voltage. 
For example, as a p-type impurity, boron can be added at a 
concentration greater than or equal to 1x10 cm and less 
than or equal to 1x10" cm. When a single-crystal semicon 
ductor Substrate with an impurity at appropriate concentra 
tion is used, a doping step for controlling a threshold Voltage 
can be omitted. 

Next, an insulating layer 212 which covers the island 
shaped single-crystal semiconductor layer 210 is formed (see 
FIG.3B). The insulating layer 212 serves as a gate insulating 
layer. The insulating layer 212 is formed of a silicon-contain 
ing insulating film by a sputtering method, a CVD method, or 
the like to have a thickness approximately greater than or 
equal to 2 nm and less than or equal to 150 nm. Specifically, 
the insulating layer 212 may be formed from an oxide mate 
rial or a nitride material of silicon which is typified by silicon 
nitride, silicon oxide, silicon oxynitride, and silicon nitride 
oxide; or the like. Note that the insulating layer 212 may have 
a single-layer structure or a stacked-layer structure. Further, a 
thin silicon oxide film having a thickness approximately 
greater than or equal to 1 nm and less than or equal to 100 nm, 
preferably greater than or equal to 1 nm and less than or equal 
to 10 nm, more preferably greater than or equal to 2 nm and 
less than or equal to 5 nm, may be formed between the 
island-shaped single-crystal semiconductor layer 210 and the 
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insulating layer 212. Note that a rare gas element Such as 
argon may be contained in a reactive gas in order to form a 
gate insulating layer with little leak current, at a low tempera 
ture. 

Next, a conductive layer is formed over the insulating layer 
212, and the conductive layer is patterned to form a conduc 
tive layer 214 (see FIG. 3C). The conductive layer 214 serves 
as a gate electrode. The conductive layer 214 is formed to 
have a single-layer structure here; however, the present inven 
tion is not limited thereto. The conductive layer 214 may have 
a stacked-layer structure including two or more layers. It is 
preferable that the thickness of the conductive layer 214 be 
approximately greater than or equal to 20 nm and less than or 
equal to 500 nm. The conductive layer 214 can be formed by 
a sputtering method, an evaporation method, a CVD method, 
or the like. As materials which can be used, an element 
selected from tantalum (Ta), tungsten (W), titanium (Ti), 
molybdenum (Mo), aluminum (Al), copper (Cu), chromium 
(Cr), or neodymium (Nd), an alloy material or a compound 
material including any of the above elements as its main 
component, and the like can be given. Further, a semiconduc 
tor material typified by polycrystalline silicon that is doped 
with an impurity element Such as phosphorus, an AgPdCu 
alloy, or the like may also be used. 

Next, an impurity element imparting n-type conductivity is 
added using the conductive layer 214 as a mask to form an 
impurity region 216 and a channel formation region 218 (see 
FIG. 3D). In this embodiment mode, doping is performed 
using phosphine (PH) as a doping gas containing an impurity 
element. Here, phosphorus (P), which is an impurity element 
imparting n-type conductivity, is made to contain in the impu 
rity region 216 at a concentration which is approximately 
greater than or equal to 1x10'/cm and less than or equal to 
1x10/cm. 

In this embodiment mode, an impurity element imparting 
n-type conductivity is added to the island-shaped single-crys 
tal semiconductor layer 210. However, the present invention 
is not limited thereto, and an impurity element imparting 
p-type conductivity may alternatively be added. In the case of 
adding an impurity element imparting p-type conductivity, 
the concentration of an impurity element (for example, 
boron) is set to be approximately greater than or equal to 
1x10'/cm and less than or equal to 5x10/cm. Further, an 
LDD region may be formed between the impurity region 216 
and the channel formation region 218. It is preferable that the 
concentration of an impurity element in the LDD region be 
approximately greater than or equal to 1x10''/cm and less 
than or equal to 1x10'/cm. 

Through the above-described steps, the island-shaped 
single-crystal semiconductor layer 210, the insulating layer 
212, and the conductive layer 214 are formed, which are 
included in the first transistor. Note that heat treatment or the 
like may be performed to activate the impurity region 216. 

Next, an insulating layer 220 is formed so as to cover the 
insulating layer 212 and the conductive layer 214 (see FIG. 
4A). The insulating layer 212 can be formed by a sputtering 
method, an evaporation method, a CVD method, a coating 
method, or the like. The insulating layer 212 may be formed 
from an oxide material or a nitride material of silicon which is 
typified by silicon nitride, silicon oxide, silicon oxynitride, or 
silicon nitride oxide; or the like. Further, for the insulating 
layer 212, a material selected from aluminum oxide, alumi 
num nitride, aluminum oxynitride, aluminum nitride oxide 
which contains more nitrogen than oxygen, diamond-like 
carbon (DLC), carbon containing nitrogen, or other Sub 
stances containing an inorganic insulating material may be 
used. Alternatively, a siloxane resin may be used. Note that a 
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siloxane resin is a resin including a Si-O-Si bond. Silox 
ane is composed of a skeleton formed by the bond of silicon 
(Si) and oxygen (O), in which an organic group containing at 
least hydrogen (such as an alkyl group and aromatic hydro 
carbon) is used as a Substituent. Alternatively, a fluoro group 
may be included in the organic group. Further, an organic 
insulating material Such as polyimide, acrylic, polyamide, 
polyimide amide, benzocyclobutene, or polysilaZane may be 
used. 

The insulating layer 220 is formed to planarize a region to 
be bonded to the single-crystal semiconductor layer in a later 
step. Accordingly, in the case where unevenness due to the 
island-shaped single-crystal semiconductor layer 210, the 
insulating layer 212, and the conductive layer 214 is suffi 
ciently small, a structure without the insulating layer 220 may 
be employed. However, even when little unevenness exists, a 
defect of bonding may occur. Therefore, the insulating layer 
220 is preferably provided. 

Next, an upper surface of the insulating layer 220 is pla 
narized by a chemical mechanical polishing (CMP), laser 
beam irradiation, dry etching, or the like (see FIG. 4B). More 
specifically, planarization may be performed to the extent that 
a Surface of the conductive layer 214 is exposed. Accordingly, 
a defect in bonding the single-crystal semiconductor layer in 
a later step can be drastically reduced. Here, in the case where 
an upper surface of the insulating layer 220 is sufficiently 
planarized, a step of the planarizarion may be omitted. By 
planarization (polishing or the like) being performed to the 
extent that the surface of the conductive layer 214 is exposed, 
only a bonding layer to be formed in a later step can be used 
as a gate insulating layer. Since the bonding layer is an 
extremely dense film and can be formed to be sufficiently 
thin, the bonding layer is preferable as a gate insulating layer. 
Thus, a transistor formed using the bonding layer has excel 
lent characteristics. 

Next, a bonding layer 222 is formed over the insulating 
layer 220. Further, ions are introduced to a predetermined 
depth from a surface of the single-crystal semiconductor Sub 
strate 224 to form a damaged region 226 and a single-crystal 
semiconductor layer 228. Subsequently, the bonding layer 
222 and the single-crystal semiconductor layer 228 are dis 
posed in close contact with each other (see FIG. 4C). The 
bonding layer 222 and the single-crystal semiconductor layer 
228 are disposed in close contact with each other and pressure 
is applied thereto, so that a strong bond can be formed by 
hydrogenbonds and covalent bonds. Note that it is preferable 
to perform heat treatment after the bonding layer 222 and the 
single-crystal semiconductor layer 228 are disposed in close 
contact with each other. The bonding strength can be further 
improved by performing heat treatment. Further, a base layer 
may beformed between the bonding layer 222 and the single 
crystal semiconductor layer 228. However, in the case where 
only the bonding layer 222 is used as a gate insulating layer, 
a base layer is not formed. In the case where the base layer is 
formed, the base layer may be formed from one or a plurality 
of materials selected from silicon nitride, silicon nitride 
oxide, or silicon oxynitride. Here, since the bonding layer 222 
is formed from an insulating material, the bonding layer can 
be referred to as an insulating layer. 

Note that either a step of forming the bonding layer 222 
over the insulating layer 220 or a step of forming the damaged 
region 226 in the single-crystal semiconductor Substrate 224 
may be conducted first. There is no particular limitation on the 
order of formation of the bonding layer 222 and the damaged 
region 226. The bonding layer 222 and the damaged region 
226 can be formed with separate timings. The detailed 
description on the bonding is omitted here, because it can be 
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12 
referred to the above-described case where the single-crystal 
semiconductor layer 204 and the bonding layer 208 are 
bonded to each other. 

Next, heat treatment is performed to separate the single 
crystal semiconductor layer 228 from the single-crystal semi 
conductor Substrate 224 using part of the damaged region 226 
as a separation plane (see FIG. 5A). For example, heat treat 
ment at 400 to 600° C. is performed, so that the single-crystal 
semiconductor layer 228 can be separated by inducing the 
volume change of the microvoids which are formed in the 
damaged region 226. Accordingly, the single-crystal semi 
conductor layer 228 is to remain over the insulating layer 220. 
In FIGS. 5A to 5C, separation is performed at the interface 
between the damaged region 226 and the single-crystal semi 
conductor layer 228; however, the present invention is not 
limited thereto. For example, separation may be performed at 
the interface between the damaged region 226 and the single 
crystal semiconductor Substrate 224 or may be performed in 
part of the damaged region 226. It is likely that regions where 
separation occurs are different depending on conditions in 
forming the damaged region 226. 
The detailed description on heating conditions in the sepa 

ration is omitted here, because it can be referred to the above 
described case where the single-crystal semiconductor layer 
204 is formed. Through the above-described steps, the single 
crystal semiconductor layer 228 can be formed over the insu 
lating layer 220 (see FIG. 5B). 
A surface of the single-crystal semiconductor layer 228 

which is obtained through the above-described steps is pref 
erably planarized by chemical mechanical polishing (CMP), 
laser beam irradiation, dry etching, or the like. By improve 
ment of the single-crystal semiconductor layer 228 in planar 
ity, variation of semiconductor elements which will be sub 
sequently formed can be suppressed. Note that CMP laser 
beam irradiation, dry etching, or the like may be omitted, if 
desired characteristics can be obtained. In the case of per 
forming laser beam irradiation, defects due to ion implanta 
tion can be reduced. 

Next, the single-crystal semiconductor layer 228 is pat 
terned into a desired shape to form an island-shaped single 
crystal semiconductor layer 230 (see FIG. 5C). As to an 
etching process in the patterning, either plasma etching (dry 
etching) or wet etching may be employed. In a case of pro 
cessing a large-sized substrate, plasma etching is Suitable. As 
to an etching gas, a fluorine-based or chlorine-based gas Such 
as CF, NF, Cl, or BC1 is used, and an inert gas such as He 
or Ar may be added, as appropriate. In addition, when etching 
processing using atmospheric pressure discharge is applied, 
processing using local discharge can be performed, and it is 
not necessary to form a mask layer over an entire Surface of 
the substrate. 

In this embodiment mode, patterning is performed so that 
the island-shaped single-crystal semiconductor layer 230 
becomes Smaller than the island-shaped single-crystal semi 
conductor layer 210. The pattering is performed in such a 
manner in order to appropriately form contact between the 
island-shaped single-crystal semiconductor layer 210 and a 
wiring in forming a wiring (or an electrode) in a later step. 
However, the present invention is not limited thereto as long 
as a contact between the island-shaped single-crystal semi 
conductor layer 210 and the wiring can be appropriately 
formed. 

After the island-shaped single-crystal semiconductor layer 
230 is formed by patterning the single-crystal semiconductor 
layer 228, a p-type impurity Such as boron, aluminum, or 
gallium may be added in order to control a threshold Voltage. 
For example, as a p-type impurity, boron can be added at a 
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concentration greater than or equal to 1x10' cm and less 
than or equal to 1x10" cm. When a single-crystal semicon 
ductor Substrate with an impurity at appropriate concentra 
tion is used, a doping step for controlling a threshold Voltage 
can be omitted. 

Next, a mask 232 made of a resist material is formed over 
the island-shaped single-crystal semiconductor layer 230 by a 
photolithography method (see FIG. 6A). The mask 232 may 
beformed in a self-aligned manner by exposing a rear Surface 
to light using the conductive layer 214 as a mask, or may be 
formed by exposing an upper Surface to light using a metal 
mask. In the case where the mask 232 is formed in a self 
aligned manner by exposing a rear Surface to light, it is pref 
erable to use light having Such a wavelength as to be suffi 
ciently transmitted through the single-crystal semiconductor 
layer and the insulating layer. For example, g line (wave 
length: 436 nm) emitted from a high-pressure mercury lamp, 
or the like can be used. 

Then, an impurity element imparting p-type conductivity is 
added using the mask 232 to forman impurity region234 and 
a channel formation region 236 (see FIG. 6B). In this embodi 
ment mode, doping is performed using diborane (BH) as a 
doping gas containing an impurity element. Here, boron (B) 
is made to contain in the impurity region 234 at a concentra 
tion approximately greater than or equal to 1x10'/cm and 
less than or equal to 5x10/cm. 
An impurity element imparting p-type conductivity is 

added to the island-shaped single-crystal semiconductor 
layer 230 in this embodiment mode. However, the present 
invention is not limited thereto, and an impurity element 
imparting n-type conductivity may alternatively be added. 
Further, an LDD region may be formed between the impurity 
region 234 and the channel formation region 236. 

Then, the mask 232 is removed (see FIG. 6C). After the 
mask 232 is removed, heat treatment for activating the impu 
rity region 234, or the like may be performed. Through the 
above-described steps, the island-shaped single-crystal semi 
conductor layer 230, the bonding layer 222 (insulating layer), 
and the conductive layer 214 are formed, which are included 
in the second transistor. 

Next, an insulating layer 238 is formed so as to cover the 
island-shaped single-crystal semiconductor layer 230 and the 
bonding layer 222 (see FIG. 7A). The insulating layer 238 can 
be formed by a sputtering method, an evaporation method, a 
CVD method, a coating method, or the like. The insulating 
layer 238 may be formed from an oxide material or a nitride 
material of silicon which is typified by silicon nitride, silicon 
oxide, silicon oxynitride, or silicon nitride oxide; or the like. 
Further, for the insulating layer 238, a material selected from 
aluminum oxide, aluminum nitride, aluminum oxynitride, 
aluminum nitride oxide which contains more nitrogen than 
oxygen, diamond-like carbon (DLC), carbon containing 
nitrogen, or other Substances containing an inorganic insulat 
ing material may be used. Alternatively, a siloxane resin may 
be used. Note that a siloxane resin is a resin including a 
Si-O-Si bond. Siloxane is composed of a skeleton formed 
by the bond of silicon (Si) and oxygen (O), in which an 
organic group containing at least hydrogen (such as an alkyl 
group and aromatic hydrocarbon) is used as a Substituent. 
Alternatively, a fluoro group may be included in the organic 
group. Further, an organic insulating material Such as poly 
imide, acrylic, polyamide, polyimide amide, benzocy 
clobutene, or polysilaZane may be used. 

Next, contact holes (openings) are formed in the insulating 
layer 212, the insulating layer 220, the bonding layer 222, and 
the insulating layer 238; or in the insulating layer 238, using 
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a mask made of a resist material (see FIG. 7B). Etching may 
be performed once or plural times depending on the selectiv 
ity of a material to be used. 

Then, a conductive layer is formed so as to cover the 
openings, and the conductive layer is etched. Accordingly, 
Source or drain electrodes (also referred to as source or drain 
wirings) 240, 242, and 244 which are electrically connected 
to part of their respective source or drain regions are formed 
(see FIG. 7C). The source or drain electrode can be formed 
using one or a plurality of elements selected from aluminum 
(Al), tantalum (Ta), titanium (Ti), molybdenum (Mo), tung 
sten (W), neodymium (Nd), chromium (Cr), nickel (Ni). 
platinum (Pt), gold (Au), silver (Ag), copper (Cu), magne 
sium (Mg), Scandium (Sc), cobalt(Co), nickel (Ni), Zinc (Zn), 
niobium (Nb), silicon (Si), phosphorus (P), boron (B), arsenic 
(AS), gallium (Ga), indium (In), or tin(Sn); a compound oran 
alloy material containing any of the above elements as its 
component (for example, indium tin oxide (ITO), indium Zinc 
oxide (IZO), indium tin oxide to which silicon oxide is added 
(ITSO), Zinc oxide (ZnO), aluminum-neodymium (Al Nd), 
magnesium-silver (Mg—Ag), or the like); a substance that is 
a combination of any of these compounds; or the like. Alter 
natively, a silicide (for example, aluminum-silicon, molybde 
num-silicon, or nickel silicide), a nitrogen-containing com 
pound (for example, titanium nitride, tantalum nitride, or 
molybdenum nitride), silicon (Si) that is doped with an impu 
rity element such as phosphorus (P), or the like can be used. 

Through the above-described steps, a complementary cir 
cuit (a CMOS circuit)246 including the first transistor and the 
second transistor is formed (see FIG. 7C). Note that in this 
embodiment mode, the first transistor is made to have n-type 
conductivity and the second transistor is made to have p-type 
conductivity. However, the present invention is not limited 
thereto, and the first transistor may be made to have p-type 
conductivity and the second transistor may be made to have 
n-type conductivity. Further, the complementary circuit 246 
is not necessarily formed using two transistors having differ 
ent polarities, and may be formed by Stacking transistors 
having the same polarity. In the case where the first transistor 
and the second transistor have the same polarity, a conductive 
layer serving as a gate electrode may be independently pro 
vided in each transistor or may be shared in common. For 
example, the injection rate of an impurity element to the 
channel formation region of the first transistor is made differ 
ent from that of the second transistor, so that the two transis 
tors, a gate electrode of which is shared in common, can be 
independently operated. 

Note that this embodiment mode employs a structure in 
which the island-shaped single-crystal semiconductor layer 
210 which forms the first transistor is different from the 
island-shaped single-crystal semiconductor layer 230 which 
forms the second transistor, in size in a channel length direc 
tion. However, for example, the island-shaped single-crystal 
semiconductor layer 210 may be different from the island 
shaped single-crystal semiconductor layer 230, in size in a 
channel width direction as in a structure shown in FIGS. 19A 
and 19B. Here, FIG. 19A is a plan view and FIG. 19B is a 
cross-sectional view taken along line E-F in FIG. 19A. The 
source or drain electrode 240 (also referred to as the source or 
drain wiring), the source or drain electrode 242, and the 
Source or drain electrode 244 in FIGS. 19A and 19B corre 
spond to that in FIGS. 7A to 7C, and two transistors are 
electrically connected to each other by the source or drain 
electrode 244. Further, the conductive layer 214 serving as a 
gate electrode is provided in a manner similar to FIGS. 7A to 
7C. Note that the conductive layer 214 serving as a gate 
electrode corresponds to an input terminal of a CMOS circuit, 
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the source or drain electrode 244 corresponds to an output 
terminal of the CMOS circuit. As shown in FIGS. 19A and 
19B, the channel width (W) of the first transistor (the tran 
sistor in the lower layer) is larger than the channel width (W) 
of the second transistor (the transistor in the upper layer). 

In the case where a complementary circuit is formed as 
described above, the first transistor is made to have p-type 
conductivity and the second transistor is made to have n-type 
conductivity, whereby difference between the two transistors 
in mobility can be complemented. That is, when the channel 
width of a p-channel transistor with low mobility is larger 
than the channel width of an n-channel transistor with high 
mobility, the amount of current flowing through the p-channel 
transistor can be comparatively increased. Thus, high-speed 
operation of the complementary circuit can be realized as 
well as improvement in efficiency of layout. It is needless to 
say that the present invention is not limited to the above 
described structure, and the channel width of the first transis 
tor and the channel width of the second transistor can be 
appropriately changed according to required current or the 
like. 

According to the present invention, a semiconductor ele 
ment (for example, a transistor) is formed by stacking single 
crystal semiconductor layers, whereby a highly-integrated 
semiconductor device can be manufactured without depend 
ing on making a process rule fine. That is, a small-sized 
semiconductor device having high performance can be pro 
vided. Further, various kinds of problems due to a finer pro 
cess rule can be solved. Furthermore, since all semiconductor 
elements are formed using a single-crystal semiconductor, a 
semiconductor device with excellent characteristics can be 
provided as compared to the case of using an amorphous 
semiconductor or a polycrystalline semiconductor. 

Further, in the present invention, a conductive layer for 
applying an electric field to a single-crystal semiconductor 
layer (the conductive layer is a so-called gate electrode) is 
shared in common. According to this, it is not necessary to 
form a plurality of conductive layers; thus, a semiconductor 
device can be manufactured at low cost. In particular, in the 
case of forming a complementary circuit (also referred to as a 
CMOS circuit or a complementary semiconductor device), a 
considerable merit is obtained. For example, in the case 
where complementary circuits are used for all circuits formed 
using two single-crystal semiconductor layers, an integration 
degree can be obtained, which is twice as large as that in the 
case of forming complementary circuits using one semicon 
ductor layer as in a conventional one. Further, since the most 
part of the gate electrode is shared in common, extremely-low 
cost can be achieved. Furthermore, since a wiring is shared in 
common, the length of a wiring in the entire circuit can be 
decreased. That is, power consumption due to a wiring 
capacitor can be reduced; thus, the present invention enor 
mously contributes to a reduction in power consumption. 

It is needless to say that further integration can be easily 
realized by a multi-layer structure including three or more 
layers. Also in this case, a multi-layer semiconductor struc 
ture can be realized with reference to the manufacturing 
method described in this embodiment mode. 

Embodiment Mode 2 

This embodiment mode describes another example of a 
method for manufacturing a semiconductor device of the 
present invention, with reference to FIGS. 8A to 8D, FIGS. 
9A to 9D, FIGS. 10A to 10C, FIGS. 11A to 11C, FIGS. 12A 
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to 12C, and FIGS. 13A to 13C. Note that in this embodiment 
mode, the detailed description where Embodiment Mode 1 
can be referred to is omitted. 

First, a single-crystal semiconductor substrate 800 is pre 
pared. Ions are introduced to a predetermined depth from a 
surface of the single-crystal semiconductor substrate 800 to 
form a damaged region 802 and a single-crystal semiconduc 
tor layer 804 (see FIG. 8A). The detailed description on a 
method for forming the damaged region 802 and the single 
crystal semiconductor layer 804 is omitted here, because 
Embodiment Mode 1 can be referred to. 
The single-crystal semiconductor substrate 800 is not par 

ticularly limited as long as it is a Substrate made of a single 
crystal semiconductor material. In this embodiment mode, a 
single-crystal silicon Substrate is used as an example. Alter 
natively, a Substrate made of germanium or a substrate made 
of a compound semiconductor Such as gallium arsenide or 
indium phosphide may be used. 

Note that a protective layer may beformed over the surface 
of the single-crystal semiconductor substrate 800 before the 
damaged region 802 is formed. By forming the protective 
layer, roughness of the Surface of the single-crystal semicon 
ductor Substrate, which accompanies ion irradiation, can be 
reduced. For the protective layer, silicon oxide, silicon 
nitride, silicon nitride oxide, silicon oxynitride, or the like can 
be used. 

Next, a bonding layer 806 is formed over the single-crystal 
semiconductor layer 804 (see FIG. 8B). For the bonding layer 
806, a silicon oxide film may be formed by a chemical vapor 
deposition (CVD) method using an organosilane gas. Alter 
natively, a silicon oxide film formed by a chemical vapor 
deposition method using a silane gas can be used. The bond 
ing layer 806 can be referred to as an insulating layer because 
the bonding layer 806 is formed from an insulating material. 
The detail description on the bonding layer 806 is omitted 
here, because Embodiment Mode 1 can be referred to. 

Note that a base layer may be provided between the single 
crystal semiconductor layer 804 and the bonding layer 806. 
The base layer may be formed using one or a plurality of 
materials selected from silicon nitride, silicon nitride oxide, 
or silicon oxynitride. Note that the base layer may have a 
single-layer structure or a stacked-layer structure. The barrier 
layer is provided to prevent impurities such as movable ions 
or moisture from intruding into the single-crystal semicon 
ductor layer 804. Note that the base layer may beformed from 
a material other than the above-described material as long as 
intrusion of impurities can be prevented. If intrusion of impu 
rities does not lead to any significant problems, a structure 
without a base layer may be employed. When the protective 
layer is formed in the above, the protective layer may be used 
as a base layer. 

Next, a substrate 808 having an insulating surface and the 
bonding layer 806 are disposed in close contact with each 
other (see FIG. 8C). The substrate 808 having an insulating 
surface and the bonding layer 806 are disposed in close con 
tact with each other and pressure is applied thereto, so that a 
strong bond can be formed by hydrogen bonds and covalent 
bonds. Note that it is preferable to perform heat treatment 
after the substrate 808 having an insulating surface and the 
single-crystal semiconductor substrate 800 are bonded to 
each other, with the bonding layer 806 interposed therebe 
tween. The bonding strength can be further improved by 
performing heat treatment. Note that a barrier layer may be 
formed between the substrate 808 having an insulating sur 
face and the bonding layer 806. By forming the barrier layer, 
movable ions or the like can be prevented from intruding into 
the single-crystal semiconductor layer 804. The barrier layer 
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can be manufactured using a material similar to the base 
layer; however, the present invention is not limited thereto. 
As the Substrate 808 having an insulating Surface, any of a 

variety of glass Substrates which are used in the electronics 
industry Such as an aluminosilicate glass Substrate, an alumi 
noborosilicate glass Substrate, and a barium borosilicate glass 
Substrate; a quartz. Substrate; a ceramic Substrate; a Sapphire 
Substrate; or the like can be used. A glass Substrate is prefer 
ably used, and a motherglass Substrate having a large area can 
be used, such as a so-called sixth generation substrate (1500 
mmx1850 mm), a so-called seventh generation Substrate 
(1870 mmx2200 mm), and a so-called eighth generation sub 
strate (2200 mmx2400 mm), for example. A mother glass 
substrate having a large area is used as the substrate 808 
having an insulating Surface, so that the area of the semicon 
ductor substrate can be enlarged. Note that the substrate 808 
having an insulating Surface is not limited to the above-de 
scribed Substrates. For example, a Substrate made from a resin 
material can also be used if an upper temperature limit per 
mits. 

In order to form a favorable bond, the surface which is to 
form a bond may be activated. For example, the surface which 
is to form a bond is irradiated with an atomic beam or an ion 
beam. When an atomic beam or an ion beam is used, an inert 
gas atomic beam or inert gas ion beam of argon or the like can 
be used. Alternatively, plasma treatment or radical treatment 
is performed. Such surface treatment makes it possible to 
form a bond between different kinds of materials at a low 
temperature of approximately from 200 to 400° C. 

Next, heat treatment is performed to separate the single 
crystal semiconductor layer 804 from the single-crystal semi 
conductor substrate 800 using part of the damaged region 802 
as a separation plane (see FIG. 8D). For example, heat treat 
ment at 400 to 600° C. is performed, so that the single-crystal 
semiconductor layer 804 can be separated by inducing the 
volume change of the microvoids which are formed in the 
damaged region 802. Since the bonding layer 806 is bonded 
to the Substrate 808 having an insulating Surface, the single 
crystal semiconductor layer 804 is to remain over the sub 
strate 808 having an insulating surface. In FIGS. 8A to 8D, 
separation is performed at the interface between the damaged 
region 802 and the single-crystal semiconductor layer 804: 
however, the present invention is not limited thereto. For 
example, separation may be performed at the interface 
between the damaged region 802 and the single-crystal semi 
conductor substrate 800 or may be performed in part of the 
damaged region 802. It is likely that regions where separation 
occurs are different depending on conditions in forming the 
damaged region 802. 
The detailed description on other conditions is omitted 

here, because Embodiment Mode 1 can be referred to. 
Next, the single-crystal semiconductor layer 804 is pat 

terned into a desired shape to form an island-shaped single 
crystal semiconductor layer 810 (see FIG. 9A). As to an 
etching process in the patterning, either plasma etching (dry 
etching) or wet etching may be employed. In a case of pro 
cessing a large-sized Substrate, plasma etching is Suitable. As 
to an etching gas, a fluorine-based or chlorine-based gas Such 
as CF, NF, Cl, or BC1 is used, and an inert gas Such as He 
or Ar may be added, as appropriate. In addition, when etching 
processing using atmospheric pressure discharge is applied, 
processing using local discharge can be locally performed, 
and it is not necessary to form a mask layer over an entire 
surface of the substrate. 

After the island-shaped single-crystal semiconductor layer 
810 is formed by patterning the single-crystal semiconductor 
layer 804, a p-type impurity Such as boron, aluminum, or 
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gallium may be added in order to control a threshold Voltage. 
For example, as a p-type impurity, boron can be added at a 
concentration greater than or equal to 1x10' cm and less 
than or equal to 1x10" cm. When a single-crystal semicon 
ductor Substrate with an impurity at appropriate concentra 
tion is used, a doping step for controlling threshold Voltage 
can be omitted. 

Next, an insulating layer 812 which covers the island 
shaped single-crystal semiconductor layer 810 is formed (see 
FIG.9B). The insulating layer 812 serves as a gate insulating 
layer. The insulating layer 812 is formed of a silicon-contain 
ing insulating film by a sputtering method, a CVD method, or 
the like to have a thickness approximately greater than or 
equal to 2 nm and less than or equal to 150 nm. For the 
detailed description thereon, Embodiment Mode 1 can be 
referred to. 

Next, a conductive layer is formed over the insulating layer 
812, and the conductive layer is patterned to form a conduc 
tive layer 814 (see FIG.9C). The conductive layer 814 serves 
as a gate electrode. For the detailed description thereon, 
Embodiment Mode 1 can be referred to. 

Next, an impurity element imparting n-type conductivity is 
added using the conductive layer 814 as a mask to form an 
impurity region 816 and a channel formation region 818 (see 
FIG. 9D). In this embodiment mode, doping is performed 
using phosphine (PH) as a doping gas containing an impurity 
element. Here, phosphorus (P) which is an impurity element 
imparting n-type conductivity is made to contain in the impu 
rity region 816 at a concentration approximately greater than 
or equal to 1x10'/cm and less than or equal to 1x10/cm. 

In this embodiment mode, an impurity element imparting 
n-type conductivity is added to the island-shaped single-crys 
tal semiconductor layer 810. However, the present invention 
is not limited thereto, and an impurity element imparting 
p-type conductivity alternatively may be added. In the case of 
adding an impurity element imparting p-type conductivity, 
the concentration of an impurity element (for example, 
boron) is set to be approximately greater than or equal to 
1x10'/cm and less than or equal to 5x10/cm. Further, an 
LDD region may be formed between the impurity region 816 
and the channel formation region 818. It is preferable that the 
concentration of an impurity element in the LDD region be 
approximately greater than or equal to 1x10'/cm and less 
than or equal to 1x10'/cm. 

Through the above-described steps, the island-shaped 
single-crystal semiconductor layer 810, the insulating layer 
812, and the conductive layer 814 are formed, which are 
included in a first transistor. Note that heat treatment or the 
like may be performed to activate the impurity region 816. 

Next, an insulating layer 820 is formed so as to cover the 
insulating layer 812 and the conductive layer 814 (see FIG. 
10A). The insulating layer 812 can be formed by a sputtering 
method, an evaporation method, a CVD method, a coating 
method, or the like. For the detailed description thereon, 
Embodiment Mode 1 can be referred to. 
The insulating layer 820 is formed to planarize a region to 

be bonded to the single-crystal semiconductor layer in a later 
step. Accordingly, in the case where unevenness due to the 
island-shaped single-crystal semiconductor layer 810, the 
insulating layer 812, and the conductive layer 814 is suffi 
ciently small, a structure without the insulating layer 820 may 
be employed. However, even when little unevenness exists, a 
defect of bonding may occur. Therefore, the insulating layer 
820 is preferably provided. 

Next, an upper surface of the insulating layer 820 is pla 
narized by a chemical mechanical polishing (CMP), laser 
beam irradiation, dry etching, or the like (see FIG. 10B). 
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More specifically, planarization may be performed to the 
extent that a surface of the conductive layer 814 is exposed. 
Accordingly, a defect in bonding the single-crystal semicon 
ductor layer in a later step can be drastically reduced. Here, in 
the case where an upper surface of the insulating layer 820 is 
Sufficiently planarized, a step of the planarizarion may be 
omitted. By planarization (polishing or the like) being per 
formed to the extent that the surface of the conductive layer 
814 is exposed, only a bonding layer to be formed in a later 
step can be used as a gate insulating layer. Since the bonding 
layer is an extremely dense film and can be formed to be 
Sufficiently thin, the bonding layer is preferable as a gate 
insulating layer. Thus, a transistor formed using the bonding 
layer has excellent characteristics. 

Next, ions are introduced to a predetermined depth from a 
Surface of a single-crystal semiconductor Substrate 822 to 
form a damaged region 824 and a single-crystal semiconduc 
tor layer 826. Further, a bonding layer 828 is formed over the 
single-crystal semiconductor layer 826. Subsequently, the 
bonding layer 828 and the insulating layer 820 (and the con 
ductive layer 814) are disposed in close contact with each 
other (see FIG. 10C). The bonding layer 828 and the insulat 
ing layer 820 are disposed in close contact with each other and 
pressure is applied thereto, so that the bonding layer 828 and 
the insulating layer 820 can be bonded firmly to each other by 
hydrogenbonds and covalent bonds. Note that it is preferable 
to perform heat treatment after the bonding layer 828 and the 
insulating layer 820 are disposed in contact with each other. 
The bonding strength can be further improved by performing 
heat treatment. Further, a base layer may be formed between 
the single-crystal semiconductor layer 826 and the bonding 
layer 828. However, in the case where only the bonding layer 
828 is used as a gate insulating layer, the base layer is not 
formed. In the case where the base layer is formed, the base 
layer may be formed from one or more materials selected 
from silicon nitride, silicon nitride oxide, or silicon oxyni 
tride. Here, since the bonding layer 828 is formed from an 
insulating material, the bonding layer can be referred to as an 
insulating layer. 

Next, heat treatment is performed to separate the single 
crystal semiconductor layer 826 from the single-crystal semi 
conductor Substrate 822 using part of the damaged region 824 
as a separation plane (see FIG. 11A). For example, heat 
treatment at 400 to 600° C. is performed, so that the single 
crystal semiconductor layer 826 can be separated by inducing 
the volume change of the microvoids which are formed in the 
damaged region 824. Accordingly, the single-crystal semi 
conductor layer 826 is to remain over the insulating layer 820. 
In FIGS. 11A to 11C, separation is performed at the interface 
between the damaged region 824 and the single-crystal semi 
conductor layer 826; however, the present invention is not 
limited thereto. For example, separation may be performed at 
the interface between the damaged region 824 and the single 
crystal semiconductor substrate 822 or may be performed in 
part of the damaged region 824. It is likely that regions where 
separation occurs are different depending on conditions in 
forming the damaged region 824. 
The description on detailed conditions or the like is omitted 

here, because Embodiment Mode 1 can be referred to. 
Through the above-described steps, the single-crystal semi 
conductor layer 826 can be formed over the insulating layer 
820 (see FIG. 11B). 

Next, the single-crystal semiconductor layer 826 is pat 
terned into a desired shape to form an island-shaped single 
crystal semiconductor layer 830 (see FIG. 11C). For the 
detailed description, Embodiment Mode 1 can be referred to. 
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After the island-shaped single-crystal semiconductor layer 

830 is formed by patterning the single-crystal semiconductor 
layer 826, a p-type impurity Such as boron, aluminum, or 
gallium may be added in order to control a threshold Voltage. 
For example, as a p-type impurity, boron can be added at a 
concentration greater than or equal to 1x10' cm and less 
than or equal to 1x10" cm. When a single-crystal semicon 
ductor Substrate with an impurity at appropriate concentra 
tion is used, a doping step for controlling a threshold Voltage 
can be omitted. 

Next, a mask 832 made of a resist material is formed over 
the island-shaped single-crystal semiconductor layer 830 by a 
photolithography method (see FIG. 12A). Then, an impurity 
element imparting p-type conductivity is added using the 
mask 832 to form an impurity region 834 and a channel 
formation region 836 (see FIG. 12B). In this embodiment 
mode, doping is performed using diborane (BH) as a doping 
gas containing an impurity element. Here, boron (B) is made 
to contain in the impurity region 834 at a concentration 
approximately greater than or equal to 1x10'/cm and less 
than or equal to 5x10'/cm. 
An impurity element imparting p-type conductivity is 

added to the island-shaped single-crystal semiconductor 
layer 830 in this embodiment mode. However, the present 
invention is not limited thereto, and an impurity element 
imparting n-type conductivity may alternatively be added. 
Further, an LDD region may be formed between the impurity 
region 834 and the channel formation region 836. 

Then, the mask 832 is removed (see FIG. 12C). After the 
mask 832 is removed, heat treatment for activating the impu 
rity region 834, or the like may be performed. Through the 
above-described steps, the island-shaped single-crystal semi 
conductor layer 830, the bonding layer 828 (insulating layer), 
and the conductive layer 814 are formed, which are included 
in a second transistor. 

Next, an insulating layer 838 is formed so as to cover the 
island-shaped single-crystal semiconductor layer 830 and the 
bonding layer 828 (FIG. 13A). For the detailed description 
thereon, Embodiment Mode 1 can be referred to. 

Next, contact holes (openings) are formed in the insulating 
layer 812, the insulating layer 820, the bonding layer 828, and 
the insulating layer 838; or in the insulating layer 838, using 
a mask made of a resist material (see FIG. 13B). Etching may 
be performed once or plural times depending on the selectiv 
ity of a material to be used. 

Then, a conductive layer is formed so as to cover the 
openings, and the conductive layer is etched. Accordingly, 
Source or drain electrodes (also referred to as source or drain 
wirings) 840, 842, and 844 which are electrically connected 
to part of their respective source or drain regions are formed 
(see FIG.13C). For the detailed description thereon, Embodi 
ment Mode 1 can be referred to. 
Through the above-described steps, a complementary cir 

cuit (a CMOS circuit) 846 including the first transistor and the 
second transistor is formed (see FIG. 13C). Note that in this 
embodiment mode, the first transistor is made to have n-type 
conductivity and the second transistor is made to have p-type 
conductivity. However, the present invention is not limited 
thereto, and the first transistor may be made to have p-type 
conductivity and the second transistor may be made to have 
n-type conductivity. Further, the complementary circuit 846 
is not necessarily formed using two transistors of different 
polarities, and may be formed by stacking transistors having 
the same polarity. 

This embodiment mode employs a structure in which the 
bonding layer is provided on the side of the single-crystal 
semiconductor substrate, unlike Embodiment Mode 1. How 
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ever, the present invention is not limited thereto, and a struc 
ture may be used in which the bonding layer is provided on the 
side of the Substrate having an insulating Surface, like 
Embodiment Mode 1. Further, a structure may be used in 
which the bonding layer in forming the single-crystal semi 
conductor layer of the first transistor is formed on the side of 
the Substrate having an insulating Surface, and the bonding 
layer informing the single-crystal semiconductor layer of the 
second transistor is formed on the side of the single-crystal 
semiconductor Substrate. It is needless to say that a structure 
may alternatively be used in which the bonding layer in 
forming the single-crystal semiconductor layer of the first 
transistor is formed on the side of the single-crystal semicon 
ductor Substrate, and the bonding layer informing the single 
crystal semiconductor layer of the second transistoris formed 
on the side of the Substrate having an insulating Surface. 

According to the present invention, a semiconductor ele 
ment (for example, a transistor) can be formed by stacking 
single-crystal semiconductor layers, whereby a highly-inte 
grated semiconductor device can be manufactured without 
depending on making a process rule fine. That is, various 
kinds of problems due to a finer process rule can be solved. 
Further, since all semiconductor elements are formed using a 
single-crystal semiconductor, a semiconductor device with 
excellent characteristics can be provided as compared to the 
case of using an amorphous semiconductor or a polycrystal 
line semiconductor. 

Further, in the present invention, a conductive layer for 
applying an electric field to a single-crystal semiconductor 
layer (the conductive layer is a so-called gate electrode) is 
shared in common. According to this, it is not necessary to 
form a plurality of conductive layers; thus, a semiconductor 
device can be manufactured at low cost. In particular, in the 
case of forming a complementary circuit (also referred to as a 
CMOS circuit or a complementary semiconductor device), a 
considerable merit is obtained. For example, in the case 
where complementary circuits are used for all circuits formed 
using two single-crystal semiconductor layers, an integration 
degree can be obtained, which is twice as large as that in the 
case of forming complementary circuits using one semicon 
ductor layer as in a conventional one. Further, since the most 
part of the gate electrode is shared in common, extremely-low 
cost can be achieved. 

It is needless to say that further integration can be easily 
realized by a multi-layer structure including three or more 
layers. Also in this case, a multi-layer semiconductor struc 
ture can be realized with reference to the manufacturing 
method described in this embodiment mode. 

This embodiment mode can be combined with Embodi 
ment Mode 1, as appropriate. 

Embodiment Mode 3 

This embodiment mode will describe an example of a 
semiconductor device of the present invention, with reference 
to FIGS. 14A and 14B. Note that although description will be 
made by using a liquid crystal display device as an example of 
a semiconductor device in this embodiment mode, a semicon 
ductor device which can be manufactured according to the 
present invention is not limited to a liquid crystal display 
device. 

FIGS. 14A and 14B show an example of a liquid crystal 
display device of the present invention. FIG. 14A is a plan 
view of a liquid crystal display device, and FIG. 14B is a 
cross-sectional view taken along line E-F in FIG. 14A. The 
liquid crystal display device can be manufactured in the fol 
lowing manner: after a transistor is formed over a substrate 
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1400 having an insulating Surface by using a method 
described in Embodiment Mode 1, Embodiment Mode 2, or 
the like, an interlayer insulating layer 1402, a pixel electrode 
1404, a spacer 1406, an insulating layer 1408 serving as an 
alignment film, and the like are formed; a counter Substrate 
1420 provided with an insulating layer 1410 serving as an 
alignment film, a conductive layer 1412 serving as a counter 
electrode, a colored layer 1414 serving as a color filter, a 
polarizer 1416 (also referred to as a polarizing plate), and the 
like is attached to the substrate 1400; and a liquid crystal layer 
1418 is provided in a space. Note that although the substrate 
1400 having an insulating surface is provided with a polarizer 
1422 (a polarizing plate), the present invention is not limited 
thereto. For example, a polarizer may be provided on one side 
in a reflective type liquid crystal display device. 
The pixel electrode 1404 can be formed using indium tin 

oxide (ITO), indium zinc oxide (IZO) in which Zinc oxide 
(ZnO) is mixed with indium oxide, a conductive material in 
which silicon oxide (SiO2) is mixed with indium oxide, 
organic indium, organic tin, indium oxide containing tung 
Sten oxide, indium Zinc oxide containing tungsten oxide, 
indium oxide containing titanium oxide, indium tin oxide 
containing titanium oxide, a metal Such as tungsten (W), 
molybdenum (Mo), Zirconium (Zr), hafnium (Hf), vanadium 
(V), niobium (Nb), tantalum (Ta), chromium (Cr), cobalt 
(Co), nickel (Ni), titanium (Ti), platinum (Pt), aluminum 
(Al), copper (Cu), or silver (Ag), an alloy thereof, or metal 
nitride thereof. A conductive composition containing a con 
ductive macromolecule (also referred to as a conductive poly 
mer) may also be used. A thin film of a conductive composi 
tion preferably has a sheet resistance of less than or equal to 
10000 S2/square. When a thin film is formed as a pixel elec 
trode layer having a light-transmitting property, light trans 
mittance is preferably greater than or equal to 70% at a wave 
length of 550 nm. Further, the resistivity of a conductive 
macromolecule which is contained in the thin film is prefer 
ably less than or equal to 0.1 S2 cm. 
The insulating layer 1408 serving as an alignment film and 

the insulating layer 1410 serving as an alignment film are 
Subjected to rubbing treatment. Thus, alignment of liquid 
crystal molecules can be controlled. 
The liquid crystal display device described in this embodi 

ment mode includes an external terminal connection region 
1450, a sealing region 1452, a driver circuit region 1454, and 
a pixel region 1456. 

In the external terminal connection region 1450, an FPC 
1428 is connected to a terminal electrode layer 1424 electri 
cally connected to the pixel region 1456, with an anisotropic 
conductive layer 1426 interposed therebetween. The FPC 
1428 has a function of transmitting a signal from the external. 
In the sealing region 1452, the substrate 1400 having an 
insulating surface and the counter substrate 1420 are sealed 
with a sealant 1430. In the driver circuit region 1454, a CMOS 
circuit 1432 including ann-channel transistorand a p-channel 
transistor is provided. In the pixel region 1456, an n-channel 
transistor 1434 and a capacitor wiring 1436 are formed. Note 
that then-channel transistor 1434 in the pixel region 1456 can 
be manufactured in a manner similar to an n-channel transis 
tor (a first transistor) of the CMOS circuit 1432. The capacitor 
wiring 1436 is formed in the same layer as a conductive layer 
which serves as a gate electrode in each transistor. 

Although an n-channel transistor is used as a transistor in 
the pixel region 1456 in this embodiment mode, the present 
invention is not limited thereto. A p-channel transistor may be 
used as the transistor. In the case of using a p-channel tran 
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sistor, the p-channel transistor can be manufactured in a man 
ner similar to a p-channel transistor (a second transistor) of 
the CMOS circuit 1432. 

Note that in the case where the transistor formed in the 
pixel region 1456 is not needed to be formed using a single 
crystal semiconductor, the transistor may be alternatively 
manufactured using an amorphous semiconductor, a microc 
rystalline semiconductor, a polycrystalline semiconductor, or 
the like. 
When the CMOS circuit 1432 is manufactured by stacking 

single-crystal semiconductor layers as in the present inven 
tion, an IC chip is not needed to be externally added. Thus, the 
thickness and the frame area of a semiconductor device can be 
reduced and a semiconductor device in which a pixel region is 
effectively utilized can be provided at low cost. In particular, 
since the CMOS circuit 1432 is provided using stacked lay 
ers, the area of a circuit can be reduced as compared to the 
case of forming a similar circuit using a single layer. That is, 
a frame region can be sufficiently small and the utilization of 
the pixel region can be maximized. 

Although description is made by using a liquid crystal 
display device as an example of a liquid crystal display device 
in this embodiment mode, the present invention is not limited 
thereto. For example, an electroluminescent display device 
(also referred to as a light-emitting device or an EL display 
device), a display device using an electrophoresis element 
(also referred to as electronic paper or an electrophoresis 
display device), or the like may also be provided with a 
similar structure. This embodiment mode can be combined 
with any of Embodiment Modes 1 and 2, as appropriate. 

Embodiment Mode 4 

This embodiment mode will describe another example of a 
semiconductor device related to the present invention, with 
reference to FIGS. 15 and 16. Note that a microprocessor and 
an electronic tag are given as examples in this embodiment 
mode; however, a semiconductor device of the present inven 
tion is not limited thereto. 

FIG. 15 illustrates a structural example of a microprocessor 
of the present invention. A microprocessor 1500 illustrated in 
FIG. 15 is manufactured using the semiconductor substrate of 
the present invention. The microprocessor 1500 has an arith 
metic logic unit (ALU) 1501, an ALU controller 1502, an 
instruction decoder 1503, an interrupt controller 1504, a tim 
ing controller 1505, a register 1506, a register controller 
1507, a bus interface (Bus I/F) 1508, a read only memory 
(ROM) 1509, and a memory interface (ROM I/F) 1510. 
An instruction inputted to the microprocessor 1500 via the 

bus interface 1508 is inputted to the instruction decoder 1503 
and decoded. Then, the instruction is inputted to the ALU 
controller 1502, the interrupt controller 1504, the register 
controller 1507, and the timing controller 1505. The ALU 
controller 1502, the interrupt controller 1504, the register 
controller 1507, and the timing controller 1505 perform vari 
ous controls based on the decoded instruction. Specifically, 
the ALU controller 1502 generates a signal for controlling the 
operation of the arithmetic logic unit 1501. The interrupt 
controller 1504 judges an interrupt request from an external 
input/output device or a peripheral circuit based on its priority 
or the like, and processes the request while a program is 
executed in the microprocessor 1500. The register controller 
1507 generates an address of the register 1506, and reads/ 
writes data from/to the register 1506 depending on the state of 
the microprocessor 1500. The timing controller 1505 gener 
ates signals for controlling timing of driving of the arithmetic 
logic unit 1501, the ALU controller 1502, the instruction 
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decoder 1503, the interrupt controller 1504, and the register 
controller 1507. For example, the timing controller 1505 is 
provided with an internal clock generator for generating an 
internal clock signal CLK2 based on a reference clock signal 
CLK1, and supplies the clock signal CLK2 to each of the 
above-mentioned various circuits. Note that the structure of 
the microprocessor 1500 illustrated in FIG. 15 is just an 
example, and the structure can be changed, as appropriate, 
depending on usage. 

Since an integrated circuit in the microprocessor 1500 of 
the present invention is formed using a single-crystal semi 
conductor layer whose crystals are oriented in a certain direc 
tion and which is bonded to a Substrate having an insulating 
Surface, higher processing speed and lower power consump 
tion can be achieved. Further, in the microprocessor 1500 
which is manufactured using the semiconductor Substrate of 
the present invention, crystallinity, an activation rate, or the 
like of a single-crystal semiconductor layer is uniformed by 
laser light irradiation on the front surface and the back surface 
of the single-crystal semiconductor layer. Accordingly, char 
acteristics of a semiconductor element are improved; thus, a 
microprocessor having extremely high performance and high 
reliability can be provided. 

Next, an example of a semiconductor device which has an 
arithmetic function and can transmit and receive data without 
contact is described with reference to FIG. 16. FIG. 16 illus 
trates an example of a wireless tag which transmits and 
receives signals to/from an external device by wireless com 
munication. Note that the wireless tag of the present invention 
includes a central processing unit (CPU), so to speak, a min 
iaturized computer. A wireless tag 1600 has an analog circuit 
portion 1601 and a digital circuit portion 1602. The analog 
circuit portion 1601 includes a resonance circuit 1603 having 
a resonant capacitor, a rectifier circuit 1604, a constant Volt 
age circuit 1605, a reset circuit 1606, an oscillator circuit 
1607, a demodulation circuit 1608, and a modulation circuit 
1609. The digital circuit portion 1602 includes an RF inter 
face 1610, a control register 1611, a clock controller 1612, an 
interface 1613, a central processing unit 1614, a random 
access memory 1615, and a read only memory 1616. 
The operation of the wireless tag 1600 having such a struc 

ture is roughly described below. Induced electromotive force 
is generated by the resonance circuit 1603 when a signal is 
received by an antenna 1617. The induced electromotive 
force is stored in a capacitor portion 1618 via the rectifier 
circuit 1604. The capacitor portion 1618 is preferably formed 
using a capacitor Such as a ceramic capacitor or an electric 
double layer capacitor. The capacitor portion 1618 may be 
formed over the same substrate as the wireless tag 1600 or 
may be attached, as another component, to a Substrate having 
an insulating surface that is included in the wireless tag 1600. 
The reset circuit 1606 generates a signal that resets the 

digital circuit portion 1602 to be initialized. For example, the 
reset circuit 1606 generates, as a reset signal, a signal that 
rises with delay after the power Supply Voltage is increased. 
The oscillator circuit 1607 changes the frequency and the 
duty ratio of a clock signal depending on a control signal 
generated by the constant voltage circuit 1605. The demodu 
lation circuit 1608 having a low pass filter, for example, 
binarizes variations in amplitude of reception signals of an 
amplitude shift keying (ASK) system. The modulation circuit 
1609 varies and transmits the amplitude of transmission sig 
nals of an amplitude shift keying (ASK) system. The modu 
lation circuit 1609 varies the resonance point of the resonance 
circuit 1603, thereby varying the amplitude of communica 
tion signals. The clock controller 1612 generates a control 
signal for changing the frequency and the duty ratio of the 
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clock signal depending on the power Supply Voltage or cur 
rent consumption in the central processing unit 1614. The 
power Supply Voltage is monitored by a power Supply control 
circuit 1619. 
A signal that is inputted to the wireless tag 1600 from the 

antenna 1617 is demodulated by the demodulation circuit 
1608, and then divided into a control command, data, and the 
like by the RF interface 1610. The control command is stored 
in the control register 1611. The control command includes 
reading of data stored in the read only memory 1616, writing 
of data to the random access memory 1615, an arithmetic 
instruction to the central processing unit 1614, and the like. 
The central processing unit 1614 accesses the read only 
memory 1616, the random access memory 1615, and the 
control register 1611 via the interface 1613. The interface 
1613 has a function of generating an access signal for any one 
of the read only memory 1616, the random access memory 
1615, and the control register 1611 based on an address 
requested by the central processing unit 1614. 
As an arithmetic method of the central processing unit 

1614, a method may be employed in which an operating 
system (OS) is stored in the read only memory 1616 and a 
program is read at the time of starting operation and then 
executed. Alternatively, a method may be employed in which 
an arithmetic circuit is formed and an arithmetic processing is 
conducted using hardware. In a method in which both hard 
ware and Software are used, a method can be employed in 
which part of process is conducted in the circuit dedicated to 
arithmetic and the other part of the arithmetic process is 
conducted by the central processing unit 1614 using a pro 
gram. 

Since an integrated circuit in the wireless tag 1600 of the 
present invention is formed using a single-crystal semicon 
ductor layer whose crystals are oriented in a certain direction 
and which is bonded to a Substrate having an insulating Sur 
face, higher processing speed and lower power consumption 
can be achieved. Further, in the wireless tag 1600 which is 
manufactured using the semiconductor Substrate of the 
present invention, higher integration is achieved by stacking 
single-crystal semiconductor layers. Accordingly, the area of 
a semiconductor element having high performance can be 
reduced; thus, a small-sized wireless tag having high perfor 
mance can be provided. 

This embodiment mode can be combined with any of 
Embodiment Modes 1 to 3, as appropriate. 

Embodiment Mode 5 

This embodiment mode describes an electronic device 
using a semiconductor device of the present invention, par 
ticularly using a display device, with reference to FIGS. 17A 
to 17H. 

Examples of electronic devices which are manufactured 
using a semiconductor device of the present invention include 
cameras such as a video camera and a digital camera, a 
goggle-type display (a head-mounted display), a navigation 
system, an audio reproducing device (such as car audio com 
ponents), a computer, a game machine, a portable informa 
tion terminal (Such as a mobile computer, a cellular phone, a 
portable game machine, and an electronic book), an image 
reproducing device provided with a recording medium (spe 
cifically, a device for reproducing a recording medium such as 
a digital versatile disc (DVD) and having a display for dis 
playing the reproduced image), and the like. 

FIG. 17A illustrates a monitor of a television receiving 
device or a personal computer, which includes a housing 
1701, a support base 1702, a display portion 1703, speaker 
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portions 1704, a video input terminal 1705, and the like. A 
semiconductor device of the present invention is used for the 
display portion 1703. According to the present invention, a 
high-performance and highly reliable television receiving 
device or personal computer can be provided. 

FIG. 17B illustrates a digital camera. An image receiving 
portion 1713 is provided in the front side of a main body 1711. 
A shutter button 1716 is provided at the upper portion of the 
main body 1711. A display portion 1712, operation keys 
1714, and an external connection port 1715 are provided at 
the backside of the main body 1711. A semiconductor device 
of the present invention is used for the display portion 1712. 
According to the present invention, a high-performance and 
highly reliable digital camera can be provided. 

FIG. 17C illustrates a laptop personal computer. A main 
body 1721 is provided with a keyboard 1724, an external 
connection port 1725, and a pointing device 1726. A housing 
1722 including a display portion 1723 is attached to the main 
body 1721. A semiconductor device of the present invention 
is used for the display portion 1723. According to the present 
invention, a high-performance and highly reliable laptop per 
Sonal computer can be provided. 

FIG. 17D illustrates a mobile computer, which includes a 
main body 1731, a display portion 1732, a switch 1733, 
operation keys 1734, an infrared port 1735, and the like. An 
active matrix display device is provided for the display por 
tion 1732. A semiconductor device of the present invention is 
used for the display portion 1732. According to the present 
invention, a high-performance and highly reliable mobile 
computer can be provided. 

FIG. 17E illustrates an image reproducing device. A main 
body 1741 is provided with a display portion B 1744, a 
recording medium reading portion 1745, and operation keys 
1746. A housing 1742 including a speaker portion 1747 and a 
display portion A 1743 is attached to the main body 1741. A 
semiconductor device of the present invention is used for each 
of the display portion. A 1743 and the display portion B 1744. 
According to the present invention, a high-performance and 
highly reliable image reproducing device can be provided. 

FIG. 17F illustrates an electronic book. A main body 1751 
is provided with operation keys 1753. A plurality of display 
portions 1752 are attached to the main body 1751. A semi 
conductor device of the present invention is used for the 
display portions 1752. According to the present invention, a 
high-performance and highly reliable electronic book can be 
provided. 

FIG. 17G illustrates a video camera. A main body 1761 is 
provided with an external connection port 1764, a remote 
control receiving portion 1765, an image receiving portion 
1766, a battery 1767, an audio input portion 1768, and opera 
tion keys 1769. A housing 1763 including a display portion 
1762 is attached to the main body 1761. A semiconductor 
device of the present invention is used for the display portion 
1762. According to the present invention, a high-performance 
and highly reliable video camera can be provided. 

FIG. 17H illustrates a cellular phone, which includes a 
main body 1771, a housing 1772, a display portion 1773, an 
audio input portion 1774, an audio output portion 1775, 
operation keys 1776, an external connection port 1777, an 
antenna 1778, and the like. A semiconductor device of the 
present invention is used for the display portion 1773. 
According to the present invention, a high-performance and 
highly reliable cellular phone can be provided. 
As described above, the application range of the present 

invention is extremely wide and electronic devices of every 
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field can be used. Note that this embodiment mode can be 
implemented by being combined with any of Embodiment 
Modes 1 to 4, as appropriate. 

Embodiment Mode 6 

This embodiment mode will describe applications of a 
semiconductor device, in particular, a wireless tag of the 
present invention with reference to FIGS. 18A to 18F. 

According to the present invention, a semiconductor 
device which functions as a wireless tag can be formed. A 
wireless tag can be used in a wide variety of applications, and 
may be used by being mounted on objects such as bills, coins, 
securities, bearer bonds, certificates (driver's licenses, resi 
dent cards, and the like, see FIG. 18A), containers for wrap 
ping objects (wrapping paper, bottles, and the like, see FIG. 
18C), recording media (DVD software, video tapes, and the 
like, see FIG. 18B), vehicles (bicycles and the like, see FIG. 
18D), personal belongings (bags, glasses, and the like), foods, 
plants, clothes, lifestyle goods, and products such as elec 
tronic devices, or shipping tags of baggage (see FIGS. 18E 
and 18F). Note that the wireless tags are denoted by reference 
numeral 1800 in FIGS. 18A to 18F. 

Note that the electronic device refers to objects shown in 
Embodiment Mode 5 as well as a liquid crystal display 
device, an EL display device, a television unit (also simply 
referred to as a TV, a TV receiver, or a television receiver), a 
cellular phone, and the like, for example. In addition, the 
above-described semiconductor device can be used for ani 
mals, human bodies, or the like. 
The wireless tag is attached to a Surface of an object, or 

incorporated to be fixed on an object. For example, the wire 
less tag may be incorporated in paper of a book, or in an 
organic resin of a container formed from an organic resin for 
wrapping an object. By providing an RFID tag in bills, coins, 
securities, bearer bonds, certificates, and the like, forgery can 
be prevented. Further, by providing an RFID tag in containers 
for wrapping objects, recording media, personal belongings, 
foods, clothes, lifestyle goods, electronic devices, and the 
like, inspection systems, rental systems and the like can be 
performed more efficiently. The wireless tag that can be 
formed according to the present invention has high perfor 
mance and high reliability, and can be applied to various 
objects. 
When the wireless tag that can be formed according to the 

present invention is applied to management system or a dis 
tribution system of goods, the system can have high function 
ality. For example, information which is recorded in an RFID 
tag provided in a tag is read by a reader/writer provided near 
a conveyor belt, then information about a distribution process 
or a delivery destination is read out, and inspection of mer 
chandise or distribution of goods can be easily carried out. 
As described above, the application range of the present 

invention is extremely wide and the present invention can be 
applied to objects of every field. Note that this embodiment 
mode can be combined with any of Embodiment Modes 1 to 
5, as appropriate. 

This application is based on Japanese Patent Application 
serial no. 2007-181762 filed with Japan Patent Office on Jul. 
11, 2007, the entire contents of which are hereby incorporated 
by reference. 

What is claimed is: 
1. A method for manufacturing a semiconductor device 

comprising the steps of 
forming a first damaged region in a first single-crystal 

semiconductor Substrate; 
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28 
bonding the first single-crystal semiconductor Substrate 

and a Substrate having an insulating Surface with a bond 
ing layer interposed therebetween; 

separating the first single-crystal semiconductor Substrate, 
So that a first single-crystal semiconductor layer is left 
over the Substrate having the insulating Surface; 

forming a first gate insulating layer over the first single 
crystal semiconductor layer, 

forming a gate electrode over the first gate insulating layer, 
wherein the gate electrode overlaps the first single-crys 
tal semiconductor layer, 

forming a first interlayer insulating layer over the gate 
electrode: 

planarizing an upper Surface of the first interlayer insulat 
ing layer, so that a surface of the gate electrode is 
exposed; 

forming a second gate insulating layer over the exposed 
surface of the gate electrode and the first interlayer insu 
lating layer, 

forming a second damaged region in a second single-crys 
tal semiconductor Substrate; 

bonding the second single-crystal semiconductor Substrate 
and the Substrate having the insulating Surface with the 
second gate insulating layer interposed therebetween; 
and 

separating the second single-crystal semiconductor Sub 
strate, so that a second single-crystal semiconductor 
layer is left over the second gate insulating layer, 
wherein the second single-crystal semiconductor layer 
overlaps the gate electrode and the first single-crystal 
semiconductor layer, 

wherein the first single-crystal semiconductor layer and the 
gate electrode are formed so as to form a first transistor 
of a complementary circuit, 

wherein the second single-crystal semiconductor layer and 
the gate electrode are formed so as to form a second 
transistor of the complementary circuit, and 

wherein the gate electrode is a common gate electrode of 
the first transistor and the second transistor including the 
second single-crystal semiconductor layer. 

2. The method for manufacturing a semiconductor device 
according to claim 1, wherein the first damaged region is 
formed by irradiating the first single-crystal semiconductor 
Substrate with first ions, and wherein the second damaged 
region is formed by irradiating the second single-crystal 
semiconductor Substrate with second ions. 

3. The method for manufacturing a semiconductor device 
according to claim 1, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film. 

4. The method for manufacturing a semiconductor device 
according to claim 1, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film, and 
wherein the silicon oxide film is formed by a chemical vapor 
deposition method with the use of organic silane gas. 

5. The method for manufacturing a semiconductor device 
according to claim 1, wherein the first interlayer insulating 
layer includes an organic insulating material. 

6. A method for manufacturing a semiconductor device 
comprising the steps of 

forming a first damaged region in a first single-crystal 
semiconductor Substrate; 

bonding the first single-crystal semiconductor Substrate 
and a Substrate having an insulating Surface with a bond 
ing layer interposed therebetween; 

separating the first single-crystal semiconductor Substrate, 
So that a first single-crystal semiconductor layer is left 
over the Substrate having the insulating Surface; 
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forming a first gate insulating layer over the first single 
crystal semiconductor layer; 

forming a gate electrode over the first gate insulating layer, 
wherein the gate electrode overlaps the first single-crys 
tal semiconductor layer, 5 

forming a first interlayer insulating layer over the gate 
electrode: 

planarizing an upper Surface of the first interlayer insulat 
ing layer, so that a surface of the gate electrode is 
exposed; 10 

forming a second gate insulating layer over the exposed 
surface of the gate electrode and the first interlayer insu 
lating layer, 

forming a second damaged region in a second single-crys 
tal semiconductor Substrate; 15 

bonding the second single-crystal semiconductor Substrate 
and the Substrate having the insulating Surface with the 
second gate insulating layer interposed therebetween; 

separating the second single-crystal semiconductor Sub 
strate, so that a second single-crystal semiconductor 20 
layer is left over the second gate insulating layer, 
wherein the second single-crystal semiconductor layer 
overlaps the gate electrode and the first single-crystal 
semiconductor layer, 

forming a second interlayer insulating layer over the sec- 25 
ond single-crystal semiconductor layer; 

forming a first opening in the first gate insulating layer, the 
first interlayer insulating layer, the second gate insulat 
ing layer, and the second interlayer insulating layer and 
forming a second opening in the second interlayer insu- 30 
lating layer, and 

forming a plurality of wirings over at least one of the first 
opening and the second opening, 

wherein a first transistor of a complementary circuit is 
formed by at least the steps of separating the first single- 35 
crystal semiconductor Substrate, forming the first gate 
insulating layer and forming the gate electrode, 

wherein a second transistor of the complementary circuit is 
formed by at least the steps of forming the gate elec 
trode, forming the second gate insulating layer, and 40 
separating the second single-crystal semiconductor Sub 
strate, and 

wherein the gate electrode is a common gate electrode of 
the first transistor and the second transistor including the 
second single-crystal semiconductor layer. 45 

7. The method for manufacturing a semiconductor device 
according to claim 6, wherein the first damaged region is 
formed by irradiating the first single-crystal semiconductor 
Substrate with first ions, and wherein the second damaged 
region is formed by irradiating the second single-crystal 50 
semiconductor Substrate with second ions. 

8. The method for manufacturing a semiconductor device 
according to claim 6, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film. 

9. The method for manufacturing a semiconductor device 55 
according to claim 6, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film, and 
wherein the silicon oxide film is formed by a chemical vapor 
deposition method with the use of organic silane gas. 

10. The method for manufacturing a semiconductor device 60 
according to claim 6, wherein the first interlayer insulating 
layer includes an organic insulating material. 

11. The method for manufacturing a semiconductor device 
according to claim 6, wherein the second interlayer insulating 
layer includes an organic insulating material. 65 

12. A method for manufacturing a semiconductor device 
comprising the steps of 

30 
forming a first damaged region in a first single-crystal 

semiconductor Substrate; 
bonding the first single-crystal semiconductor Substrate 

and a Substrate having an insulating Surface with a bond 
ing layer interposed therebetween; 

separating the first single-crystal semiconductor Substrate, 
So that a first single-crystal semiconductor layer is left 
over the Substrate having the insulating Surface; 

forming a first gate insulating layer over the first single 
crystal semiconductor layer, 

forming a gate electrode over the first gate insulating layer, 
wherein the gate electrode overlaps the first single-crys 
tal semiconductor layer, 

forming a first interlayer insulating layer over the gate 
electrode: 

planarizing an upper Surface of the first interlayer insulat 
ing layer, so that a surface of the gate electrode is 
exposed; 

forming a second gate insulating layer over the exposed 
surface of the gate electrode and the first interlayer insu 
lating layer, and 

forming a second single-crystal semiconductor layer over 
the second gate insulating layer, wherein the second 
single-crystal semiconductor layer overlaps the gate 
electrode and the first single-crystal semiconductor 
layer, 

wherein the first single-crystal semiconductor layer and the 
gate electrode are formed so as to form a first transistor, 

wherein the second single-crystal semiconductor layer and 
the gate electrode are formed so as to form a second 
transistor, and 

wherein the gate electrode is a common gate electrode of 
the first transistor and the second transistor including the 
second single-crystal semiconductor layer. 

13. The method for manufacturing a semiconductor device 
according to claim 12, wherein the first damaged region is 
formed by irradiating the first single-crystal semiconductor 
substrate with first ions. 

14. The method for manufacturing a semiconductor device 
according to claim 12, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film. 

15. The method for manufacturing a semiconductor device 
according to claim 12, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film, and 
wherein the silicon oxide film is formed by a chemical vapor 
deposition method with the use of organic silane gas. 

16. The method for manufacturing a semiconductor device 
according to claim 12, wherein the first interlayer insulating 
layer includes an organic insulating material. 

17. A method for manufacturing a semiconductor device 
comprising the steps of 

forming a first damaged region in a first single-crystal 
semiconductor Substrate; 

bonding the first single-crystal semiconductor Substrate 
and a Substrate having an insulating Surface with a bond 
ing layer interposed therebetween; 

separating the first single-crystal semiconductor Substrate, 
So that a first single-crystal semiconductor layer is left 
over the Substrate having the insulating Surface; 

forming a first gate insulating layer over the first single 
crystal semiconductor layer, 

forming a gate electrode over the first gate insulating layer, 
wherein the gate electrode overlaps the first single-crys 
tal semiconductor layer, 

forming a first interlayer insulating layer over the gate 
electrode: 
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planarizing an upper Surface of the first interlayer insulat 
ing layer, so that a surface of the gate electrode is 
exposed; 

forming a second gate insulating layer over the exposed 
surface of the gate electrode and the first interlayer insu 
lating layer, 

forming a second single-crystal semiconductor layer over 
the second gate insulating layer, wherein the second 
single-crystal semiconductor layer overlaps the gate 
electrode and the first single-crystal semiconductor 
layer; 

forming a second interlayer insulating layer over the sec 
ond single-crystal semiconductor layer; 

forming a first opening in the first gate insulating layer, the 
first interlayer insulating layer, the second gate insulat 
ing layer, and the second interlayer insulating layer and 
forming a second opening in the second interlayer insu 
lating layer, and 
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forming a plurality of wirings over at least one of the first 20 
opening and the second opening, 

wherein a first transistor is formed by at least the steps of 
separating the first single-crystal semiconductor Sub 
strate, forming the first gate insulating layer and forming 
the gate electrode, 

32 
wherein a second transistoris formed by at least the steps of 

forming the gate electrode and forming the second gate 
insulating layer, and 

wherein the gate electrode is a common gate electrode of 
the first transistor and the second transistor including the 
second single-crystal semiconductor layer. 

18. The method for manufacturing a semiconductor device 
according to claim 17, wherein the first damaged region is 
formed by irradiating the first single-crystal semiconductor 
substrate with first ions. 

19. The method for manufacturing a semiconductor device 
according to claim 17, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film. 

20. The method for manufacturing a semiconductor device 
according to claim 17, wherein each of the bonding layer and 
the second gate insulating layer is a silicon oxide film, and 
wherein the silicon oxide film is formed by a chemical vapor 
deposition method with the use of organic silane gas. 

21. The method for manufacturing a semiconductor device 
according to claim 17, wherein the first interlayer insulating 
layer includes an organic insulating material. 

22. The method for manufacturing a semiconductor device 
according to claim 17, wherein the second interlayer insulat 
ing layer includes an organic insulating material. 
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